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mission power of a user terminal in a satellite commu- 
nications system of a type that includes a ground seg- 
ment, comprised of at least one user terminal (5) and at 
least one terrestrial gateway (8, 35, 36), and a space 
segment, comprised of a plurality of satellites (2) in a 
non -geosynchronous earth orbit. The method includes 
the steps of (a) transmitting an uplink signal from the 
user terminal simultaneously to at least two satellites of 
the space segment and (b) receiving the uplink signal 
with each of the at least two satellites. The method fur- 



ther includes the steps of (c) determining, in the space 
segment, a difference value representing a difference 
between a received signal strength indication and a de- 
sired received signal strength indication for each of the 
at least two satellites; (d) in response to the difference 
value, generating in the space segment at least one 
power control command for use by the user terminal; (e) 
transmitting the at least one generated power control 
command from the space segment to the user terminal; 
and (f) adjusting a transmitted power of the uplink signal 
in accordance with the at least one power control com- 
mand. 
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Description 

This invention relates generally to satellite commu- 
nications systems and, in particular, to RF power control 
techniques in both geosynchronous orbit (GSO) and 
non -geosynchronous orbit (non-GSO) satellite commu- 
nications systems. 

Satellite telephone systems tor fixed and mobile 
communications are emerging as a new global busi- 
ness. These systems utilize many individual circuits 
routed through one satellite or a constellation of many 
satellites to effect communications. The value of the sat- 
ellite telephone system is that it provides ubiquitous cov- 
erage of large areas of the earth without the construction 
of many small terrestrial cells. Since the allocation of 
frequencies for satellite services, a number of proposals 
have been advanced for the deployment of satellite 
communications systems. In general, these proposals 
have involved either a Time Division Multiple Access 
(TDMA) technique or a Code Division Multiple Access 
(CDMA) technique. 

In addition, there have been two general proposals 
advanced for the satellite operation itself. The first pro- 
posal is for an onboard processing design which in- 
volves processing and multiplexing, for feederlink band- 
width reduction, on the satellite itself. Onboard process- 
ing involves reducing an uplinked communications sig- 
nal to baseband (i.e., to digital bits), and then possibly 
switching the signal, via inter-satellite links, to another 
satellite for downlinking. The second proposal uses a 
"bent" pipe satellite transponder as a classical repeater 
to receive, frequency shift, and transmit (repeat) signals 
without any processing on the satellite or any reduction 
of the signals to baseband. 

With the first type of system (i.e., the onboard 
processing system) a terrestrial gateway, which func- 
tions as a ground insertion point to the Public Switched 
Telephone Network (PSTN), may be located at any ar- 
bitrary place. Onboard processing of signals has many 
advantages which can be traded off against the simplic- 
ity of the "bent pipe" repeater. One significant advantage 
of onboard processing is that the user communications 
traffic signals (e.g., voice and/or data), and any required 
signalling for control of user terminals and other devices, 
is established and performed on the satellite. Further- 
more, as in CDMA systems, self-interference can be 
avoided on the down links, thereby increasing the ca- 
pacity of the system. Further it can be appreciated that 
routing of signals between various satellite node points 
can be effected, through inter-satellite links, thereby al- 
lowing a significant amount of flexibility in call connec- 
tion. Finally, conservation of spectrum can be effected 
by utilizing that portion of the spectrum which may be 
unused due to the system inefficiency of the "bent pipe" 
architecture. 

It should thus be appreciated that an advantage of 
on-board processing is that signals arriving at or being 
sent from the satellite may be controlled on the satellite 
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by information received at the satellite, or as relayed 
from the satellite to a control point. Typically this control 
point has been a ground station. 

It should thus be further appreciated that this latter 

5 technique requires that the control point (e.g., ground 
station) must be made more complex in order to partic- 
ipate in the control loop. It would be desirable, then, to 
simplify the overall system and control point complexity. 
Reference in this regard can be had to the following 

10 U.S. Patents: 4,991,199, Saam, "Uplink Power Control 
Mechanism For Maintaining Constant Output Power 
From Satellite Transponder"; 4,752,967, Bustamante et 
al., "Power Control System For Satellite Communica- 
tions"; 5,339,330, MaHinckrodt, "Integrated Cellular 

15 Communications System"; 4,752,925, Thompson et al., 
"Two-Hop Collocated Satellite Communications Sys- 
tem"; 5,126,748, Ames et al., "Dual Satellite Navigation 
System And Method"; 5,109,390, Gilhousen et al,, "Di- 
versity Receiver In A CDMA Cellular Telephone Sys- 

20 tern"; and 5,138,631, Taylor, "Satellite Communication 
Network". 

Reference can also be had to our allowed U.S. Pat- 
ent application: Serial No.: 08/467,209, filing date: 
6/6/95, entitled "Closed Loop Power Control For Low 
25 Earth Orbit Satellite Communications System", by Rob- 
ert A. Wiedeman and Michael J. Sites. 

The present invention to provide a power control 
technique which applies control autonomously from a 
satellite system, thus simplifying the ground station and 
30 reducing system complexity. 

In accordance with one aspect of this invention 
there is provided a method for controlling the transmis- 
sion power of a user terminal in a satellite communica- 
tions system of a type that includes a ground segment, 
35 comprised of at least one user terminal and at least one 
terrestrial gateway, and a space segment, comprised of 
a plurality of satellites. The method includes the steps 
of (a) transmitting an uplink signal from the user terminal 
simultaneously to at least two satellites of the space 
40 segment and (b) receiving the uplink signal with each of 
the at least two satellites. The method further includes 
the steps of (c) determining, in the space segment, a 
difference value representing a difference between a re- 
ceived signal strength indication and a desired received 
45 signal strength indication for each of the at least two sat- 
ellites; (d) in response to the difference value, generat- 
ing in the space segment at least one power control 
command for use by the user terminal; (e) transmitting 
the at least one generated power control command from 
so the space segment to the user terminal; and (f ) adjusting 
a transmitted power of the uplink signal in accordance 
with the at least one power control command. 

According to a second aspect of the invention there 
is provided a satellite communications system of a type 
55 that includes a ground segment, comprised of at least 
one user terminal and at least one terrestrial gateway, 
and a space segment, comprised of a plurality of satel- 
lites in a non-geosynchronous earth orbit, characterised 
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in a transmitter in said user terminal for transmitting an 
uplink signal simultaneously to at least two satellites of 
the space segment, a receiver in each of the at least two 
satellites for receiving the uplink signal, a first controller 
in said space segment for determining a difference val- s 
ue representing a difference between a received signal 
strength indication and a desired received signal 
strength indication for each of the at least two satellites, 
a second controller in said space segment that is re- 
sponse to the difference value for generating at least io 
one power control command for use by said user termi- 
nal, a transmitter in said space segment for transmitting 
the at least one generated power control command to 
the user terminal, and means in said user terminal for 
adjusting a transmitted power of the uplink signal in ac- is 
cordance with the at least one power control command. 

According to a third aspect of this invention there is 
provided a satellite communications system, character- 
ised in a plurality of user terminals each having a trans- 
mitter and a receiver, at least one gateway bidirection- 20 
ally coupled to a terrestrial communications network, a 
plurality of satellites in earth orbit, at least some of said 
satellites comprising means for receiving communica- 
tion signals from said user terminals over communica- 
tion paths and means for transmitting said received 2s 
communications signals to said at least one gateway, 
and a power control function distributed in said plurality 
of satellites for generating transmitter power control 
commands individually for said plurality of user termi- 
nals for compensating individual ones of said user ter- 30 
minals for communication path impairments. 

This invention pertains to satellite communications 
systems that include non-GSO satellites. The invention 
can employ power control loops which satisfy the need 
to individually control the power of each user terminal 3S 
by means of satellite on-board processing, and not with 
a central, ground-based gateway earth station. 

In order that the invention and its various other pre- 
ferred features may be understood more easily, some 
embodiments thereof will now be described, by way of 40 
example only, with reference to the drawings, in which:- 

Fig. 1 is a simplified diagram that illustrates a rela- 
tionship of a non-geosynchronous orbit (NGSO) 
satellite constellation and a GSO satellite constel- 45 
lation with respect to the earth and to one another, 

Fig. 2 is a more detailed view of Fig. 1 and shows 
various user terminals, non-GSO gateways, GSO 
gateways, and various communications links be- 50 
tween these components, 

Fig. 3A illustrates a case where two user terminals 
are operated in non-overlapping NGSO satellite 
coverage regions, 55 

Fig. 3B illustrates a case where a user terminal is 
operated in an overlapped area between two NGSO 



satellite coverage regions, 

Fig. 3c is a simplified block diagram of a user ter- 
minal, 

Fig. 3D is a simplified block diagram of one of the 
NGSO satellites, 

Fig. 4 shows in further detail the overlapped cover- 
age area case of Fig. 3B, 

Fig. 5 shows in still further detail the overlapped 
coverage area case of Figs. 3B and 4, and further 
illustrates in simplified block diagram form one of 
the GSO satellites, 

Fig. 6 is a simplified block diagram of circuitry suit- 
able for reducing a received user transmission to 
baseband, and 

Fig. 7 is a logic flow diagram in accordance with a 
method of this invention. 

Referring to Fig. 1 , and by way of introduction, there 
is illustrated a technique for supplementing a first or pri- 
mary NGSO satellite constellation, such as a low earth 
orbit (LEO) satellite constellation, with a secondary, 
higher orbit constellation (Medium Earth Orbit (MEO) 
and/or GSO constellation(s)) so as to improve the con- 
trol over user terminal and satellite power consumption 
in a manner in accordance with the invention. The fol- 
lowing U.S. Patents teach various aspects of a LEO sat- 
ellite constellation, and the associated communication 
system: U.S Patent No.: 5,552,798, issued 9/3/96, en- 
titled "Antenna for Multipath Satellite Communication 
Links", by F.J. Dietrich and P. A. Monte; U.S. Patent No.: 
5,422,647, issued 6/6/95, entitled "Mobile Communica- 
tion Satellite Payload", by E. Hirshfield and C.A. Tsao; 
U.S. Patent No.: 5,504,493, issued 4/2/96, entitled "Ac- 
tive Transmit Phased Array Antenna with Amplitude Ta- 
per", by E. Hirshfield; U.S. Patent Nos. 5,448,623, is- 
sued 9/5/95, and 5,526,404, issued 6/11/96, "Satellite 
Telecommunications System Using Network Coordinat- 
ing Gateways Operative with a Terrestrial Communica- 
tion System", by R.A. Wiedeman and RA. Monte; and 
U.S. Patent No. 5,233,626, issued 8/3/93, entitled "Re- 
peater Diversity Spread Spectrum Communication Sys- 
tem", by S. A. Ames. The disclosures of these U.S. Pat- 
ents is incorporated by reference herein in their entire- 
ties. As will be made apparent below, these teachings 
are modified so as to provide, in some embodiments, 
on-board satellite processing of received user terminal 
transmissions, and inter-satellite links. 

In a presently preferred embodiment of this inven- 
tion the LEO satellite constellation includes satellites at 
an altitude of =1 400 km in eight circular planes offset by 
45 s , inclined at 52° relative to the equator with six sat- 
ellites in each plane (which may be referred to as a Walk- 
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er constellation). To optimize the effectiveness of the 
coverage, path diversity is employed to mitigate against 
local obstructions such as trees, buildings, and moun- 
tains. Path diversity requires that a user terminal on the 
ground have a simultaneous view of two or more satel- 
lites at elevations above about 10° over the horizon. The 
LEO constellation described above provides multiple 
satellite coverage. 

Fig. 1 illustrates a general configuration of a satellite 
system 1 in accordance with the teaching of this inven- 
tion. The satellite communications system 1 includes a 
nongeosynchronous orbit (NGSO) satellite or a plurality 
of NGSO satellites 2, which may be referred to collec- 
tively as a satellite constellation/This constellation may 
be similar to that described in foregoing U.S. Patents, 
although the teaching of this invention should not be 
read to be limited to only this particular type of LEO sys- 
tem. The NGSO satellites 2 orbit the earth in the non- 
geosynchronous orbit 12. It is not necessary that there 
be more than one satellite 2, however, the preferred con- 
figuration contains many satellites. Each satellite 2 has 
an associated earth coverage area 21 . Fig. 1 also shows 
as a preferred embodiment a geosynchronous (GSO) 
satellite 3 which orbits the earth in a synchronous orbit 
1 1 . A synchronous orbit is one in which the satellite 3 
does not have apparent movement with respect to 
points on the earth. The GSO satellite 3 has an associ- 
ated earth coverage area 22 which, because of the dif- 
ference in altitude with respect to the non-GSO satellites 
2, is significantly larger than the coverage area 21 . 

It should be noted that it is not necessary for the 
satellite 3 to be in a GSO orbit, but in fact may be non- 
geosynchronous as well. For example, the satellite 3 
could be in a medium earth orbit (MEO). Also, there are 
typically more than one of the satellites 3 for providing 
whole earth or near whole earth support for the NGSO 
satellites 2. However, in any case the satellite 3 should 
be at a greater altitude than the satellites 2. The NGSO 
constellation and the higher altitude orbiting constella- 
tion may be collectively referred to as the space seg- 
ment of the satellite communications system. 

Reference is now made to Fig. 2 for illustrating the 
various elements that link the system 1 together. User 
terminals 5 and ground stations or gateways (GWs) 7 
and 8, which collectively form all or a portion of a ground 
segment of the satellite communications system, are lo- 
cated on or near the surface of the earth. Within the cov- 
erage area 21 of the NGSO satellites 2 there is at least 
one, but typically many, user terminals 5, which may be 
fixed, handheld, or mobile terminals capable of voice 
and/or data transmission and reception. The user termi- 
nals 5 communicate over links to the NGSO satellites 2 
using an uplink 31 and a downlink 32. These signals 
may be routed on the NGSO satellite 2 to a NGSO gate- 
way (GW-NGSO) 8 within the coverage area 21 of the 
NGSO satellite 2, or may be routed via the GSO satellite 
3 to the gateway (GW-GSO) 7 within the coverage area 
22 of the GSO satellite 3. The links to the GW-NGSO 8 



provide connectivity to the public switched network 
(PSTN) 6 and/or to private networks. The user terminals 
5 are connected to GW-NGSO 8 via the user links 31 
and 32 and the NGSO satellite 2, with an uplink 35 and 
5 a downlink 36 between the NGSO satellite 2 and the 
GWNGSO 8. Alternatively, the user terminals 5 may be 
connected to themselves directly through the NGSO 
satellite 2, and not routed to a gateway In addition, the 
user terminals 5 may be connected to the GW-GSO 7 
10 within the coverage area 22 of the GSO satellite 3. The 
GW-GSO 7 may also be connected to the PSTN 6 and/ 
or to private networks. 

Operating power on a satellite is a valuable re- 
source which must be controlled, since there is at any 
is given time a finite amount of available power. In general, 
with a NGSO satellite system, the power available from 
the constellation of satellites is directly proportional to a 
number of communications circuits that may be support- 
ed in the busiest or peak hour, as the peak hour 
20 progresses around the earth from time zone to time 
zone. As such, at any instant, the satellites which are 
orbiting over an area can deliver a certain amount of 
communications circuits to the area depending on the 
state of the power system, the number of satellites cov- 
25 ering the area, and the amount of spectrum available to 
be utilized. If it is assumed that the amount of spectrum 
is not a limiting factor, then the number of available sat- 
ellites and the available amount of power are the two 
dominant factors. 
30 R e f erenC e is now made to Figs. 3A and 3B for illus- 
trating two different embodiments of NGSO systems. In 
constellation A (Fig. 3A), the coverage areas or regions 
21 of the NGSO satellites 2 do not substantially overlap, 
the user terminals 5 within the coverage regions 21 do 
35 not compete for resources from one NGSO satellite, and 
the power used is drawn from one satellite at a time for 
each user terminal. However, in constellation B (Fig. 
3B), the coverage regions 21 substantially overlap one 
another, the user terminals 5 within the overlapping cov- 
40 erage zones compete for resources from two or more 
NGSO satellites 2, and power may be drawn from more 
than one satellite 2 at a time for a given user terminal. 

For both of the configurations shown in Figs. 3Aand 
3B the power cost of the links in both directions is im- 
45 portant. 

Referring briefly to Fig. 3C, the user terminal 5, in 
mobile and portable configurations, has a battery 5a 
which supplies power to a digital section 5b, including a 
user terminal control processor, and an RF section 5c, 

50 comprising a transmitter, a receiver, and related RF sig- 
nal handling components. The function of these various 
sections is to enable links 31 and 32 to be established 
and maintained, via antenna 5d, for transmitting and re- 
ceiving voice and/or data communications. 

55 Referring also to Fig. 3D, the NGSO satellite 2 has 
battery 2a which is charged from one or more solar pan- 
els 2b through a power control unit 2c. When the solar 
panels 2b are not providing power (during eclipse), the 
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operating power for a digital section 2d and RF section 
2e must be supplied from the battery 2a, via the power 
control unit 2c, to establish and maintain the links 31, 
32, 33, 34, 35 and 36 through appropriate antennas 2f. 

In the case of both Figs. 3C and 3D it is important 
to carefully control the amount of current drawn from the 
batteries 5a and 2a, and to also minimize the weight and 
size of the batteries. For the NGSO satellite 2, it is also 
important to minimize the weight and size of the solar 
panels 2b, since solar power generators are typically 
costly to build and to launch. Since the cost of launching 
a satellite is a strong function of the weight that will be 
lifted, the available power in watts and watt -hours that 
can be obtained with reasonably sized batteries and so- 
lar panels determines, to a large degree, the financial 
viability of the satellite communications system. 

In order to minimize the weight of the battery 5a of 
the user terminal 5 and to minimize the cost and weight 
of the satellite power system (2a-2c), it is useful to only 
transmit the minimum power necessary to close the RF 
links 31 and 32 to the user terminals 5. Since the links 
31 arid 32 are subject to various impairments, a variable 
amount of power is necessary to overcome the impair- 
ments. The specific nature of the impairments depends 
on the nature of the operation, the type of system mod- 
ulation being transmitted, and the slant range between 
the user terminal 5 and the satellite(s) 2. 

It should be noted that in the NGSO satellite system 
the slant range is constantly varying as the satellites 2 
move overhead. Some, but not all, of the various impair- 
ments that can be experienced include impairments due 
to foliage absorption and diffraction, impairments due to 
building blockage or other obstructions in any frequency 
band, and impairments due to rain attenuation in fre- 
quency bands above 5 GHz. 

Furthermore, certain types of signal modulation op- 
erate most effectively if ail user terminal transmissions 
are controlled to a certain level, independent of impair- 
ments, slant ranges, and other variations. One type of 
signal modulation that behaves in this manner is Spread 
Spectrum utilizing Code Division Multiple Access, or SS/ 
CDMA. In SS/CDMA the system goal is to bring all user 
terminal 5 transmitted up-link signals 31 in a certain fre- 
quency channel to approximately the same power den- 
sity after reception by the satellite receive antenna. The 
power control system to keep the user terminals 5 at the 
same or at the minimum power level, after reception at 
the satellite antenna, is independent of the modulation 
scheme, impairment, or frequency band chosen. 

As an example, consider rain attenuation in the Ka 
frequency bands of 28 GHz in a SS/CDMA system uti- 
lizing the configuration shown in Fig. 3B. The principle 
applies to other frequencies, links, types of impairments, 
and system modulation techniques. 

Reference in this regard is made to Fig. 4. The sys- 
tem attempts to link the two NGSO satellites NGSO 
SAT-1 and NGSO SAT-2 with the user terminal 5. As 
shown in Fig. 4, the user terminal 5 is transmitting a sig- 



nal at a power P towards the two satellites simultane- 
ously- The signals received at the user terminal 5 from 
the two satellites are coherently combined in the user 
terminal 5 to form a single, composite signal. Reference 

s in this regard can be had to the above-referenced U.S. 
Patent No. 5,233,626, issued 8/3/93, entitled "Repeater 
Diversity Spread Spectrum Communication System", by 
S. A. Ames. A final destination for the signal transmitted 
to the two satellites from the user terminal 5 may be.the 

10 GSO satellite 3, the NGSO gateway 8, the GSO gate- 
way 7 (via the GSO satellite 3), or another user terminal 
5. In any case there is a certain signal received quality 
necessary at the NGSO satellites 1 , 2 to achieve a de- 
sired result at the final destination. 

is As is shown in Fig. 4, one of the uplinks 31a, and 
perhaps also the downlink 32a, are attenuated by a rain 
cell 33. The received power P(NGSO SAT-1 ) at the NG- 
SO SAT-1 is less than the desired level due to the rain 
attenuation (it being realized that the NGSO SAT-1 is 

20 also simultaneously receiving uplinks from other user 
terminals 5, which may or may not be impaired). By 
knowing that this impairment is occurring, and the level 
of the impairment, the system can compensate for this 
link only (e.g., only the link 31a) while leaving all other 

25 user terminals unaffected. Thus energy is conserved 
and satellite cost and weight is minimized by selectively 
power controlling a terminal or terminals on a link-by- 
link basis. 

Conventional approaches, such as those described 
30 in the various U.S. Patents mentioned in the Back- 
ground section of this patent specification, for compen- 
sating for the attenuation in one of the user links employ 
power control loops that are controlled from the ground, 
and may require a measurement of signals that are em- 
35 anating from the ground at a remote receiver located on 
the ground. This conventional approach has a number 
of drawbacks and disadvantages. 

In accordance with an aspect of this invention, the 
system employs power control loops (open and/or 
40 closed) which individually control the power of each user 
terminal 5 by means of processing performed in, and 
power control commands issued from, the space seg- 
ment of the satellite communications system. 

Fig. 5 illustrates a presently preferred technique to 
45 control the transmission power of the user terminals 5. 
The power P transmitted from the user terminal 5 is re- 
ceived from two uplinks 31a and 31b by two different 
NGSO satellites NGSO SAT-1 and NGSO SAT-2, re- 
spectively. As noted before, the signals on each uplink 
50 have different strengths due to various impairments (e. 
g., the presence of the raincell 33). 

There are two presently preferred embodiments for 
implementing this invention. One embodiment assumes 
that the fading is reciprocal in the two different frequency 
55 bands in which the user terminal 5 is receiving and trans- 
mitting, thereby only requiring a single compensation 
link (open loop). The second embodiment individually 
controls the separate uplinks 31 and downlinks 32 in 
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each frequency band, thereby not requiring any as- 
sumption on the fading depth correlation between the 
uplink and the downlink (closed loop). It should be noted 
that the closed loop and open loop control can be used 
together. The closed loop control embodiment is de- 
scribed first, followed by the open loop power control 
embodiment. 

It should first be noted that there are different em- 
bodiments for implementing the closed-loop power con- 
trol in accordance with this aspect of the invention. 

A first closed-loop embodiment uses power control 
of the user terminal 5 uplink signal that is implemented 
on each NGSO satellite 2 and then relayed to the GSO 
satellite 3 over uplinks 33a, 33b. In this case, assume 
that the path 31a is impaired and is received at NGSO 
SAT-1 at a lower power level than the desired power lev- 
el. At the NGSO SAT-1 the received signal may either 
be demodulated entirely or demodulated partially, and 
the signal strength information extracted. The signal 
strength information, when the signal is entirely demod- 
ulated, can be a measure or indication of bit error rate 
or frame error rate. For the case where the signal is not 
entirely demodulated, the signal strength information 
can be based on a measure of the received signal 
strength. 

In general, the signal strength information is con- 
sidered, for the purposes of this invention, to be indica- 
tive of the power and quality of the uplink signal 31 as 
received at a given one of the receiving NGSO satellites 
2. For adirect sequence (DS) CDMA embodiment of this 
invention, it is also desirable to substantially equalize 
the power of the uplink signals 31, 32 received from 
each of the user terminals 5 that transmits to a given 
one of the NGSO satellites 1 , 2. 

If the signal is completely demodulated and decod- 
ed, it is processed by a digital receiver chain 40 as 
shown in Fig. 6. The digital receiver chain may be con- 
ventional in construction and, assuming a DS-CDMA 
signal, includes a mixer 40a for mixing the uplink RF sig- 
nal 31a, 31b with a local oscillator (LO) signal to gener- 
ate an IF signal, a despreader 40b that operates in con- 
junction with a pseudorandom (PN) code generator 40c 
to correlate with and extract the user terminal's trans- 
mission, a demodulator 40d, and a decoder 40e. The 
output of the decoder 40e is the baseband signal. In this 
case, the strength of the demodulated output, or the soft 
decisions made by the demodulator 40d, may be used 
as a measure of the received signal power. If the trans- 
mitted signal is to be only partially regenerated on the 
satellite 2, any of the blocks 40d and 40e may be omit- 
ted, and the signal power level at the output of block 40b 
may be used as a measure of received signal strength. 
It is understood that at least some of the circuitry shown 
in Fig. 6 is replicated for each user terminal 5 that trans- 
mits a differently spread signal in the same band of fre- 
quencies. 

Referring again to Fig. 5, the indication of signal 
strength of the user terminal 5 obtained as described in 



Fig. 6 is then transmitted to the GSO satellite 3 by each 
NGSO satellite 1 , 2 over links 33a and 33b. In the GSO 
satellite 3 the signal strength indications for the uplinks 
31 a and 31 b are received with RF unit 3a from antenna 
s 3b and are passed to a processor 3c. In the processor 
3c the two signal strength indications (or more, depend- 
ing on the number of NGSO satellites 2 that are receiv- 
ing the user terminal's transmission) are compared to 
one another. That is, the signal strengths from different 
10 paths via several NGSO satellites 2 are compared on 
the GSO satellite 3. In the example of Fig. 5, the uplink 
signal 31a received via NGSO SAT-1 is found to be im- 
paired relative to the uplink signal 31b, which does not 
experience the attenuation due to the raincell 33. 
is in a preferred embodiment the sum of the signal 
strength indications received from NGSO SATs 1 and 2 
are compared with some desired threshold power or sig- 
nal strength level. The difference or shortfall S (if any) 
with respect to this threshold is then transmitted to the 
20 NGSO satellites 1 , 2 from the GSO satellite 3 over links 
34a and/or 34b. This information is then sent to the user 
terminal 5 through downlinks 32a and/or 32b. In re- 
sponse, the digital portion of the user terminal 5 may 
then either increase the transmitted power directed to- 
25 wards NGSO SAT-1 and/or towards NGSO SAT-2 by an 
amount determined by the shortfall S. If S is found to be 
larger than some preset value, for example 10 dB, then 
it may be more power efficient for the non-impaired path 
via NGSO SAT-2 to be increased by, for example, 3 dB, 
30 rather than attempting to penetrate the impaired path to 
NGSO SAT-1 with substantially more transmitter power. 

A second embodiment for closed-loop power con- 
trol of the user terminal 5 uplink signal 31 is implemented 
on the GSO satellite 3. In this embodiment the NGSO 
35 satellites 1 , 2 simply relay in a linear manner the user 
terminal's uplink signals 31 a directly to the GSO satellite 
3, where the GSO satellite 3: (a) receives both relayed 
uplink signals and, after demodulating same entirely or 
in part, (b) compares the relayed signals, (c) calculates 
40 the power deficit to achieve a desired link quality, and 
(d) issues power control instructions to the user terminal 
5 via one or more of the NGSO satellites 2. 

For this embodiment it is assumed that the GSO 
satellite 3 is equipped with some or all of the circuitry 
45 shown in Fig. 6, depending on whether complete or par- 
tial demodulation is to be accomplished. 

In a third embodiment of closed-loop power control 
the power control of the user uplink signal is implement- 
ed on the NGSO satellite 2 only As in the above exam- 
50 pie, the path 31a is assumed to be impaired and is re- 
ceived at the NGSO SAT-1 at a lower level than that de- 
sired. This signal could either be demodulated entirely 
or partially and the signal strength information extracted 
as described previously for the first embodiment. 
55 The user terminal 5 is also transmitting its power 
toward the NGSO SAT-2 on link 31b. This link may be 
impaired as well but, in general, is impaired less due to 
the concentration of the raincell 33 in the direction of link 
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31a. The link 31b signal is received at the NGSO SAT- 
2 at a higher level than the same signal received at NG- 
SO SAT-1. The received signal may either be demodu- 
lated entirely or partially and the signal strength infor- 
mation extracted as described above- 
In this embodiment each NGSO satellite 1 , 2 inde- 
pendently determines whetherthe signal strength of the 
respective uplink 31a or 31b should to be increased or 
decreased. Each NGSO satellite 2 sends a signal to the 
user terminal 5 to adjust the transmitter power appropri- 
ately. In a preferred embodiment, the user terminal 5 ad- 
justs its transmitted signal power so as to agree with the 
lesser of the two commanded power levels. Alternative- 
ly, the signal strength may be adjusted to some interme- 
diate value that lies between the two commanded power 
levels. 

In this embodiment the NGSO satellites 1, 2 may 
also relay the power control commands as well to the 
GSO satellite 3 over links 33a and 33b. In this case the 
GSO satellite 3 functions as a slower longer-delay pow- 
er controller. That is, the NGSO satellites 1 , 2 relay the 
power control commands to the user terminal 5 in a 
shorter-delay power control loop (for example, one pow- 
er control command per frame period (e.g., 20 millisec- 
onds)) and then, in a longer power control loop (e.g., 
once per n frame periods, where n is greater than one), 
the GSO satellite 3 transmits an overriding power con- 
trol command to the user terminal 5 through one or both 
the NGSO satellites 1, 2. After setting its transmitted 
power at the commanded value received from the GSO 
satellite 3, the shorter-delay power control loop is used 
to provide adjustments to the longer term value for the 
next n frame periods. 

The NGSO satellites 1 , 2 may also transmit control 
messages to one another through inter-satellite links 
and thus cooperate to determine the appropriate power 
control command that should be transmitted to the user 
terminal 5. In this case the GSO satellite 3 is not re- 
quired. If NGSO inter-satellite links are not used, then 
the GSO satellite 3 can be employed to exchange the 
messages between the NGSO satellites 1, 2 that are 
receiving the user terminal's transmissions. 

The foregoing description has been presented in 
the context of power controlling the user terminal uplink 
31 . However, power control of the downlink 32 can also 
be accomplished. In this case the user terminal 5 de- 
tects that the downlink 32a from NGSO SAT-1 is faded, 
and that the downlink 32b from NGSO SAT-2 is being 
received with a better quality (e.g. , larger received signal 
strength, fewer bit or frame errors, etc.). The user ter- 
minal 5 determines the necessary increase in power 
from NGSO SAT-1 to compensate for the attenuation in 
the downlink 32a (for example, to equalize it to the 
downlink 32b), and communicates this amount either di- 
rectly to NGSO SAT-1 , or to NGSO SAT-2 which relays 
the power increase request via the GSO satellite 3 to 
the NGSO SAT-1 (or on a control signal crosslink to NG- 
SO SAT-1). If the fading is severe, it may be preferred 



to instead increase the power on the "good" link by, for 
example, 3 dB, rather than attempting to use the "bad" 
link. This decision can be made by comparing the signal 
levels received from the two links 32a and 32b. 

5 Having thus explained the closed-loop embodi- 
ments in accordance with an aspect of this invention, 
the open-loop embodiment will now be described. This 
embodiment is premised on the assumption that if a 
close correlation can be made between fades in the 

10 downlink and the uplink, an open loop power control 
scheme can be implemented using the correlation. For 
example, if it is found that the uplink fades with a ratio 
R to the fade on the downlink (due to the difference in 
frequency between the uplink and downlink), this ratio 

is can be used to implement the openloop power control. 
By example, the user terminal 5 detects that the down- 
link 32a from NGSO SAT-1 is faded. In response, the 
user terminal 5 autonomously increases the transmitted 
power in the uplink 31a to NGSO SAT-1 according to 

20 the fade observed in the downlink and the ratio R. 

It should be noted that the user terminal 5 may dis- 
tinguish these transmissions by the use of different 
spreading codes and/or source identification bits that 
are inserted into the data stream. The same technique 

25 can be used to distinguish the sources of different power 
control commands for the closed loop embodiment de- 
scribed previously. 

Again, if the fading is severe, it may be preferable 
to increase the uplink power on the non-faded path by,. 

30 for example, 3 dB, rather than attempting to use the path 
that is experiencing the fade. This decision can be made 
by comparing the signal levels received from the two 
paths. 

It should thus be clear that this invention teaches a 

35 method, and referring to Fig. 7, that includes the steps 
of (A) transmitting an uplink signal from the user terminal 
simultaneously to at least two satellites of the space 
segment; (B) receiving the uplink signal with each of the 
at least two satellites; (C) determining, in the space seg- 

40 ment, a difference value representing a difference be- 
tween a received signal strength indication and a de- 
sired received signal strength indication for each of the 
at least two satellites; (D) in response to the difference 
value, generating in the space segment at least one 

45 power control command for use by the user terminal; 
(E) transmitting the at least one generated power control 
command from the space segment to the user terminal; 
and (F) adjusting a transmitted power of the uplink signal 
in accordance with the at least one power control com- 

50 mand. 

Although described above primarily in the context 
of a space segment having low earth orbit and geosyn- 
chronous earth orbit satellites, it should be realized that 
the teaching of this invention applies as well to a satellite 
55 communications system that includes tow earth orbit 
and medium earth orbit satellites, as well as to medium 
earth orbit and geosynchronous earth orbit satellites. 
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Claims 

1. A method for controlling the transmission power of 
a user terminal in a satellite communications sys- 
tem of a type that includes a ground segment com- 
prised of at least one user terminal, and a space 
segment comprised of a plurality of satellites in a 
non-geosynchronous earth orbit, characterised in 
the steps of: 

(A) transmitting an uplink signal from the user 
terminal simultaneously to at least two satel- 
lites of the space segment, 

(B) receiving the uplink signal with each of the 
at least two satellites, 

(C) determining in the space segment a differ- 
ence value representing a difference between 
a received signal strength indication and a de- 
sired received signal strength indication for 
each of the at least two satellites, 

(D) in response to the difference value, gener- 
ating in the space segment at least one power 
control command for use by the user terminal, 

(E) transmitting the at least one generated pow- 
er control command from the space segment to 
the user terminal, and 

(F) adjusting a transmitted power of the uplink 
signal in accordance with the at least one power 
control command. 

2. A method as claimed in claim 1 , characterised in 
that the step of receiving the uplink signal includes 
a step of demodulating the received uplink signal to 
baseband. 

3. A method as claimed in claim 1 or 2, characterised 
in that the step of receiving the uplink signal in- 
cludes a step of despreading the received uplink 
signal with a spreading code assigned to the user 
terminal. 

4. A method as claimed in any one of the preceding 
claims, wherein the step of determining is accom- 
plished in each of the at least two satellites, and fur- 
ther including a step of transmitting the determined 
difference value from each of the at least two satel- 
lites to a third satellite in a higher orbit. 

5. A method as claimed in claim 4, characterised in 
that the third satellite is in a medium earth orbit. 

6. A method as claimed in claim 4, characterised in 
that the third satellite is in a geosynchronous earth 
orbit. 

7. A method as claimed in any one of claims 4, 5 or 6, 
wherein the step of generating the at least one pow- 
er control command is performed by the third satel- 



lite. 

8. A method as claimed in claim 1 , characterised in 
that the step of receiving the uplink signal includes 

s a step of relaying the received uplink signal to a third 
satellite, and further comprising the steps of demod- 
ulating or partially demodulating the relayed uplink 
signal in the third satellite to determine the differ- 
ence value, and wherein the step of generating the 

10 at least one power control command is performed 
by the third satellite. 

9. A method as claimed in claim 1 , characterised in 
that the steps of generating and transmitting the at 

is least one power control command occur at first in- 
tervals, and further comprises a step of generating 
an override power control command and transmit- 
ting the generated override power control command 
to the user terminal at second intervals, wherein the 

20 second intervals are longer than the first intervals. 

10. A method as claimed in claim 9, wherein the power 
control commands that are generated and transmit- 
ted at the first intervals are generated by the at least 

25 two satellites of a constellation of low earth orbit or 
medium earth orbit satellites, and wherein the over- 
ride power control command is generated and 
transmitted by a third satellite in a higher altitude 
earth orbit than the at least two satellites. 

30 

11. A method as claimed in claim 1, wherein the step 
of receiving includes a step of transmitting the re- 
ceived uplink signal to a terrestrial gateway for con- 
nection to a terrestrial communications network. 

35 

12. A satellite communications system of a type that in- 
cludes a ground segment, comprised of at least one 
user terminal (5) and at least one terrestrial gateway 
(8, 35, 36), and a space segment, comprised of a 

40 plurality of satellites (1,2) in anon-geosynchronous 
earth orbit, characterised in a transmitter in said us- 
er terminal for transmitting an uplink signal (31 , 32) 
simultaneously to at least two satellites (1 , 2) of the 
space segment, a receiver in each of the at least 

45 two satellites for receiving the uplink signal, a first 
controller in said space segment for determining a 
difference value representing a difference between 
a received signal strength indication and a desired 
received signal strength indication for each of the 

so at least two satellites, a second controller in said 
space segment that is response to the difference 
value for generating at least one power control com- 
mand for use by said user terminal, a transmitter in 
said space segment for transmitting the at least one 

55 generated power control command to the user ter- 
minal, and means in said user terminal for adjusting 
a transmitted power of the uplink signal in accord- 
ance with the at least one power control command. 
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13. A system as claimed in claim 12, characterised in 
that the receiver includes circuitry for demodulating 
the received uplink signal to baseband. 

14. A system as claimed in claim 12, characterised in 
that the receiver includes circuitry (40b) for de- 
spreading the received uplink signal with a spread- 
ing code assigned to the user terminal. 

15. A system as claimed in claim 12, characterised in 
that the first controller that determines the differ- 
ence value is located in each of the at least two sat- 
ellites (1, 2), wherein the second controller is also 
located in each of the at least two satellites (1 , 2), 
and further including means for transmitting the de- 
termined difference value between each of the at 
least two satellites directly or through at least one 
other satellite (3). 

16. A system as claimed in claim 12, characterised in 
that the first controller that determines the differ- 
ence value is located in each of the at least two sat- 
ellites (1 , 2), wherein the second controller is locat- 
ed in a third satellite (3) in a higher orbit, and further 
including means for transmitting the determined dif- 
ference value from each of the at least two satellites 
(1 , 2) and the third satellite (3). 

17. A system as claimed in claim 16, characterised in 
that the third satellite is in a medium earth orbit. 

18. A system as claimed in claim 16, wherein the third 
satellite is in a geosynchronous earth orbit. 

19. A system as claimed in claim 12, 13 or 14, charac- 
terised in that the receiver is coupled to a transmitter 
for relaying the received uplink signal to a third sat- 
ellite (3), the third satellite comprising means for de- 
modulating or partially demodulating the relayed 
uplink signal, and said first and second control 
means. 



wherein the third satellite (3) in one of a medium 
earth orbit or a geosynchronous earth orbit. 

22. A system as claimed in claim 12, characterised in 
5 that the receiver has an output coupled to a trans- 
mitter for transmitting the received uplink signal to 
a terrestrial gateway for connection to a terrestrial 
communications network. 

10 23. A satellite communications system, characterised 
in a plurality of user terminals (5) each having a 
transmitter and a receiver, at least one gateway (8, 
25, 26) bidirectionally coupled to a terrestrial com- 
munications network, a plurality of satellites in earth 

is orbit (1, 2, 3), at least some of said satellites (1, 2) 
comprising means for receiving communication sig- 
nals from said user terminals over communication 
paths (31a, 31b) and means for transmitting said 
received communications signals to said at least 

20 one gateway, and a power control function distrib- 
uted in said plurality of satellites for generating 
transmitter power control commands individually for 
said plurality of user terminals for compensating in- 
dividual ones of said user terminals for communica- 

25 tion path impairments. 



30 



35 



40 



20. A system as claimed in claim 12, characterised in 
that the first and second controllers are located in 
each of the at least two satellites (1 , 2) and generate 
and cause to be transmitted, at first intervals, the at 
least one power control command, and further com- 
prising a satellite (3) that orbits at a higher altitude 
than said at least two satellites (1 , 2), and a further 
first and second controller for generating an over- 
ride power control command that is transmitted to 
the user terminal (5) at second intervals, wherein 
the second intervals are longer than the first inter- 
vals. 

21. A system as claimed in claim 20, characterised in 
that the at least two satellites (1 1 , 1 2) are a portion 
of a constellation of low earth orbit satellites, and 
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